BACKGROUND: Nasotracheal suctioning (NTS) is accomplished by inserting a suction catheter into the trachea through the nasopharynx. It is a useful procedure in critically ill patients whose ability to cough and mobilize secretions is impaired. ⌱t was assumed that using a suction catheter with an angular tip would facilitate entry into the trachea. The primary outcome was the success rate and the ease of insertion by using a curved edge catheter (Tiemann type) compared with a conventional suction catheter. The secondary outcome was the monitoring of subject's vital signs during the intervention. METHODS: Non-intubated subjects hospitalized in 2 adult ICUs underwent 2 consecutive NTSs each, using either a 14 French curved edge catheter or a 14 French conventional suction catheter, randomly. RESULTS: Twenty subjects with a mean age of 75.5 y were enrolled for a time period of 5 months. The tracheal access success rate was 19/52 (successful/unsuccessful attempts) using a curved edge catheter (36.5%, 95% CI 23.6 -51.0%) compared with 12/130 (9.2%, 95% CI 4.8 -15.5%) using a conventional suction catheter. The insertion was 5.6 times more likely to be achieved by using a curved edge catheter (odds ratio 5.66, 95% CI 2.49 -12.84, P < .001). The number of attempts required to succeed in the insertion was significantly lower when using a curved edge catheter than when using a conventional suction catheter (for nasopharynx, median The traumatic rate (percentage of catheters with blood present on the tip) was exactly the same for both catheters (30%). CONCLUSIONS: It is more likely that tracheal access will be achieved using a curved edge catheter. A shorter process time and fewer attempts are required for successful NTS using a curved edge catheter, and it seems to be an equally safe procedure. (ClinicalTrials.gov registration NCT02261428.)
Introduction
The mucociliary transport mechanism is the normal process by which bronchial secretions are mobilized. When this transport mechanism is impaired, the cough reflex remains the only way by which secretions can be mobilized. In clinical practice, especially in ICU settings, patients often have excess airway secretions, depressed cough reflex, or both. 1, 2 In this case, the respiratory therapist uses various therapeutic approaches to mobilize secretions. These include postural, vibrating, and breathing techniques as well as tracheobronchial tree suctioning, 3, 4 Tracheobronchial suctioning is an invasive procedure by which excess secretions or gastric aspirates can be removed from the trachea, especially when their presence causes physical distress or physiological impairment.
Nasotracheal suctioning (NTS) is a special technique that uses the nasal cavity as a route for the insertion of a suction catheter into the trachea through the larynx. Suction catheters commonly used in NTS have a straight and round distal tip, which ensures atraumatic introduction. Nasotracheal catheter insertion is a blind technique, closely resembling a difficult airway management technique in which a gum elastic bougie with a coudé angled tip is inserted in the trachea in a more or less blind way. [5] [6] [7] Considering the above, we hypothesized that using a nasotracheal suction catheter, with an angled instead of a straight tip, would facilitate tracheal access in a carefully selected ICU patient population with difficulty in managing bronchial secretions. A curved edge catheter (Tiemann type) is a single-use catheter with an angular tip, frequently used by urologists to facilitate catheterization of a male U-shaped bulbar urethra. The term Tiemann catheter (George Tiemann & Co., Hauppauge, NY) is being used universally to describe urological catheters with an angular tip (Fig. 1) . 8 Data from past literature are lacking, apart from a brief report by Pode and Manny 9 , which claimed that a curved edge catheter was generally more effective than a standard catheter in accomplishing tracheal access in 120 postoperative subjects. As far as we know, this is the first study comparing a curved edge catheter with a conventional suction catheter as a means for more successful NTS.
The aim of our study was to evaluate the feasibility of tracheal access (success rate of tracheal insertion and the time and number of attempts needed) by using a curved edge catheter, compared with a conventional suction catheter. The question posed in the study is clinically relevant for finding alternative and effective ways to suction.
Methods

Design, Setting, and Ethical Standards
This was a crossover clinical trial in which all subjects underwent sequential NTS by using 2 different catheters in a random order. 10 The study was conducted in the Cardiothoracic and General ICU Departments of General University Hospital 〈⌻⌻⌱⌲⌷⌵ from May 2014 through September 2014 (5 months), in accordance with the principals enunciated in the World Medical Association Declaration of Helsinki. 11 All manipulations were part of routine treatment, implemented under emergent conditions, and involved no more than minimal risk for the subjects, whose anonymity was preserved during data collection. The study was approved by the hospital's ethics committee (approval 9-13-16/05/14), which for the aforementioned reasons waived the need for obtaining informed consent.
Subjects
All subjects included in the study were breathing spontaneously and had respiratory failure (hypoxemia,
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In a small group of recently extubated subjects, tracheal access rates were greater using a curved edge catheter rather than a standard suction catheter. A shorter process time and fewer attempts were required for successful NTS using the curved edge catheter. There were no differences in complications between catheters, implying similar safety profiles. hypercapnia, or both) and impaired cough reflex caused by various pathophysiological mechanisms, among which the most common was the critical illness polyneuropathy.
Because catheterization is an invasive procedure, other methods were first tried to remove secretions, depending on the condition of the subject, such as: (1) cough encouragement; (2) active cycle breathing techniques (directed cough technique or relaxed diaphragmatic breathing and deep breathing cycles followed by forced exhalation technique); and (3) chest physiotherapy (external chest wall manipulation, which includes percussion, vibration, and/or postural drainage therapy). It is noted that after any of the above physical methods and before any suctioning there was an appropriate washout period to ensure sufficient time for the subject's vital signs to return to their initial value. The washout period between suctioning was approximately 5 min, 12, 13 Taking this into account, it was assumed that 30 min would be more than enough time as a rest period for the participants as well as sufficient time for subject's vital signs to return to their initial value.
Inclusion criteria were: (1) spontaneous breathing without an artificial airway but with a nasogastric tube as a part of routine equipment; (2) difficulty or inability to mobilize and expectorate secretions; (3) failure of all other methods to remove secretions, and (4) presence of secretions in the trachea causing physical distress and physiological impairment (eg, impaired arterial blood gases, reduced S pO 2 , and/or increased breathing frequency).
Subjects were excluded if they: (1) were actively bleeding from the nose, (2) had severe coagulopathy (international normalized ratio value Ͼ3.0, platelets Ͻ 50,000) 14 ; (3) had laryngospasm or bronchospasm; (4) had recent tracheal and/or esophageal surgery; (5) were hemodynamically unstable; (6) had a history of recent head, facial, or neck trauma; or (7) were under any sedation.
Materials
An all-purpose polyvinyl chloride conventional suction catheter 14 French (Jimit Medico Surgicals, Ahmedabad, India) and the same size (14 French) polyvinyl chloride curved edge catheter (Jimit Medico Surgicals) were used. It was necessary to have a standard size of catheter that could be applicable to all of the catheterizations, 14 French caliber was selected because it is an average size commonly used in the ICU.
Subjects fulfilling inclusion criteria were eligible for NTS. Catheters were inserted in a random order to minimize selection bias and carryover effect: 20 sealed envelopes (1 for each subject) were prepared by a team not related to the study. These envelopes contained a paper with either the letter T, representing a curved edge catheter or N, representing a conventional suction catheter, indicating the type of catheter that would first be applied.
Technique
Each subject was comfortably placed in bed and, if possible, she/he was offered reassurance concerning the procedure. Whenever appropriate, a pillow was placed beneath the occiput, displacing the cervical spine anteriorly, to align 3 axes: those of the mouth, oropharynx, and trachea. Suctioning equipment was prepared as outlined by Moore 15 and presented in American Association for Respiratory Care guidelines. 16 The nostril contralateral to the one with the nasogastric tube was selected. The oxygen mask was maintained throughout the procedure to avoid hypoxemia. In all cases, the same person was performing the nasotracheal insertion.
A different person/observer (but the same in all cases) recorded the measurements, counting the attempts as well as determining the exact placement of the catheter into the trachea using a stethoscope. This person did not know the type of catheter being used each time. He participated in the procedure after the end point of the catheter was inserted into the nostril, so it was impossible to distinguish the type of catheter used because the 2 catheters are identical except for the end point. The suctioning wall device had, as usual, a negative pressure of 200 mm Hg as provided by the hospital protocol for all endotracheal suctions.
Passing Nasopharynx
After lubricating the catheter's tip with 2% lidocaine lubricant, the catheter was directed in a ventral and slightly medial orientation toward the ventral nasal meatus. The passage of the nasopharynx was determined by the depth of the catheter in the nostril. After 5 cm, the passage was assumed to be successful. In all cases, the difficulty of the passage through the turbinates was at 2-3 cm.
If the catheter met firm resistance, indicative of its placement in the dorsal meatus, it was pulled slightly outward and was redirected inward. The time required to pass through the nasopharynx was recorded as T1. No more than 5 attempts were made, as per the protocol design.
Entering Trachea
To help the catheter insertion, subjects were asked, when it was feasible, to inhale while the catheter was pushed gently into the trachea. While using the curved edge catheter, the curved tip of the catheter was carefully turned anteriorly to check whether this would provide additional help in easing the insertion into the trachea.
Successful insertion was confirmed if: (1) another member of the team could hear turbulent flow on lung auscultation while applying suction; (2) there was coughing upon insertion; (3) there was no resistance during insertion. On the contrary, insertion was recorded as unsuccessful if there was no turbulence on auscultation, and subjects were grimacing instead of coughing. In the second case, the catheter was pulled slightly backward (approximately 1 cm) and redirected forward to the trachea. The time required to pass from the nasopharynx to the trachea was recorded as T2. No more than 10 attempts were made (a cutoff selected mostly by experience) as per the protocol design. Each micromanipulation was counted as 1 individual attempt (and not the reinsertion of the catheter from the beginning of the procedure). The success entering into the trachea, the number of attempts, and the process time were recorded by a member of the team who was blinded to the type of catheter used each time.
It should be noted that (1) the same particular professional was performing all attempts of the nasotracheal insertion in all cases of the study; (2) the professional who performed the procedure was skilled in nasotracheal suction and had no experience (except for a pilot study) in suctioning with Tiemann type catheters; (3) the professional who performed the procedure was a member of the research group, and all of the members of the research group are members of clinical staff as well.
To avoid an expectancy bias, a different person/observer (but the same in all cases) recorded the measurements, counted the attempts, and determined the exact placement of the catheter into the trachea using a stethoscope. This person did not know the type of catheter used each time. He participated in the procedure after the end point of catheter insertion into the nostril, and it was impossible to distinguish the kind of catheter because the 2 catheters are identical except for the end point. Thus, the number of attempts and the definition of entry in the nasopharynx were determined with a blind procedure.
Other Parameters Recorded
On the recruitment day, the sex, age, number of days in ICU, primary reason for ICU admission, Sequential Organ Failure Assessment score, and type of catheter first used were recorded for each subject. Moreover, the following parameters were recorded, before and after each NTS: F IO 2 , S pO 2 (by pulse oximetry), breathing frequency, heart rate, and systolic/diastolic blood pressure. Finally, the presence of blood on the catheter tip was recorded with a simple yes or no, at the end of the procedure.
Statistical Methods
Sample Size. In the crossover study, the 2 interventions were applied sequentially to the same subject, on the same day and after a minimum time interval of 30 min. 12,13 A pilot study was first conducted with 10 subjects. Data from this pilot study were not included in the main study. The pilot study was a training period for the procedure, and throughout this period were recorded all data considered useful only for determining the sample size of the main study. Those data were not sufficient to be used in the main study. The amount of acceptable mean difference between the curved edge catheter and conventional suction catheter technique is the number of attempts or mean differences of required time for tracheal access. Data Analysis. Data were analyzed using standard statistical methods and 95% CIs. The Kolmogorov-Smirnov test was applied to test data for normality. If the groups of data were normally distributed, then the Student paired t test was adopted to evaluate the difference between the means for S pO 2 , heart rate, breathing frequency, systolic pressure, and diastolic pressure. The above values were interdependent and related to paired measurements (before and after intervention) on the same person. If not, a nonparametric Wilcoxon rank-sum test was used. Therefore, results were presented as mean values Ϯ SD and median values (range), respectively. The effect size was calculated using an odds ratio. For paired nominal parameters, the McNemar chi-square test was adopted. To determine the difference in process time between the 2 catheters, Kaplan-Meier analysis and long-rank test were used. In this study, Kaplan-Meier analysis was considered appropriate because it gives quick and comparative information about the time spent applying the 2 methods of tracheal access as well as about the effectiveness of tracheal access.
Calculating
For statistical analysis, SPSS 20 (SPSS, Chicago, Illinois) was used. All statistical tests were 2-sided and conducted at a P Ͻ .05 level of significance.
Results
The study was conducted from May through September 2014. During this time period, the Physiotherapy Department provided 416 chest physiotherapy sessions in 83 non-intubated ICU patients. Forty-three patients were excluded because their bronchial secretions were managed noninvasively, 5 patients were excluded due to bleeding disorders, and 5 patients were excluded due to rapid clin-ical deterioration that demanded endotracheal intubation. Thus, 60 NTSs were performed in a total of 30 subjects, 20 for the pilot study and 40 for the main study, in 10 and 20 subjects, respectively. The main study included 20 subjects (10 men and 10 women), with a mean age of 75.5 Ϯ 10.1 y (Fig. 2, Table 1 ).
To determine the success rate of each catheter, the number of tracheal insertions was calculated over the total number of attempts. In one subject, it was not possible to pass through the nostril using either catheter. The overall success rate for the curved edge catheter was 19/52 (successful/unsuccessful attempts) (36.5%, 95% CI 23.6 -51.0%), whereas the success rate for the conventional suction catheter was 12/130 (9.2%, 95% CI 4.8 -15.5%). The curved edge catheter was 5.7 times more likely to achieve tracheal insertion compared with the conventional suction catheter (odds ratio 5.66, 95% CI 2.49 -12.84, P Ͻ .001).
The traumatic rate is the percentage of catheters with blood present (on the tip of each catheter/blood streaks) in the total population. This percentage was equal for both catheters, 30% (6/20) (Tables 2, 3, and 4) . Figures 3 and 4 show a graphic illustration of the attempts and the time needed to pass through the nasopharynx and to proceed from the nasopharynx to the trachea with the curved edge catheter and the conventional suction catheter, respectively.
Finally, in Figure 5 , Kaplan-Meier analysis shows time differences in achieving passage through the nasopharynx (Fig. 5A) and insertion into the trachea (Fig. 5B) , referring to each catheter. The log-rank test, for both passing the nasopharynx (P 1 ) and reaching the trachea (P 2 ) showed that the curved edge catheter requires a significantly shorter time (P 1 ϭ 0.04 and P 2 ϭ 0.005, respectively).
Additional Calculations
To determine whether there was any difference between the first and later attempts, the correlation between subject regression and the number of attempts with both catheters was investigated and showed that there was moderate (Ϫ0.57, curved edge catheter) to weak correlation (Ϫ0.26, conventional suction catheter). (1) The success rate of the first attempt was 7/52 ϭ 0.13 or 13% when using the curved edge catheter, whereas it was 3/130 ϭ 0.02 or 2% when using the conventional suction catheter. (2) The success rate without the first attempt was 11/33 ϭ 0.33 or 33% when using the curved edge catheter, whereas it was 8/46 ϭ 0.17 or 17% when using the conventional suction catheter. (3) The catheter was placed correctly at a rate of 18/20 ϭ 0.9 or 90% when using the curved edge catheter, whereas the rate was 11/20 ϭ 0.55 or 55% when using the conventional suction catheter.
Discussion
The curved edge catheter seemed to be more effective than the conventional suction catheter on 2 main points: success rate and time needed to insert to the pharynx and trachea. Anatomically, the most difficult point to access between the trachea and pharynx is the trachea. Gaining access to the trachea is not an easy procedure and requires several attempts. Nevertheless, it was found that the curved edge catheter has an overall success rate of 36.5%, comparing favorably with the only 9.2% success rate of the conventional suction catheter. Indeed, the curved edge catheter was found to be approximately 6 times more likely to insert into the trachea compared with the conventional suction catheter. Past literature provides very little relevant information. In fact, there is only 1 published report in which the authors stated (without statistical evidence) that the curved edge catheter was superior to the conventional suction catheter in achieving tracheal catheterization, in 120 subjects with early postoperative respiratory failure. 9 The Tiemann type catheter was designed for urethral intubation. This fact explains the reason why there was no further information in the literature about the use of this type of catheter in suctioning.
Moreover, although one might assume the angular distal edge of the curved edge catheter to be more traumatic, this was not demonstrated by the results of the present study. Finally, one could argue in favor of the curved edge catheter because the smaller number of attempts required reduces the risk for mucosal injury.
In the present crossover study, each subject served as his own control; therefore, inter-individual variability was avoided. Confounding factors that would affect the NTS technique were also eliminated, since the interventions were applied sequentially in all subjects. Catheters were also inserted in a random order so as to minimize SBP ϭ systolic blood pressure selection bias and carryover effect, often encountered in crossover studies. Because of the above considerations, it is assumed that the findings of the current study could be of clinical importance for the management of the non-intubated critically ill patient with respiratory failure, in whom therapeutic interventions should be practical, rapid, effective, and cost-effective (the cost of the curved edge catheter in Europe is €0.01 greater than that of the conventional suction catheter).
Indeed, in ICU settings, time is an important issue: The vast majority of NTS is emergently indicated, and time pressure, situational stress, and the patient's ongoing clinical deterioration dictate the application of an intervention of maximal effect.
Correlation between subject regression and the number of attempts with both catheters showed that there was moderate (Ϫ0.57, curved edge catheter) to weak correlation (Ϫ0.26, conventional suction catheter). This correlation means that expertise improved with greater use of the curved edge catheter, compared to the conventional suction catheter, where expertise remained unchanged.
Additional calculations showed that: (1) one-third of first attempts succeeded at insertion into the trachea; (2) the curved edge catheter was placed correctly in almost all cases (90%), whereas the conventional suction catheter placement failed in 45% of cases. Maximum and minimum values of parameters in Table 4 help to clarify the safety data. . Kaplan-Meier analysis shows differences in achieving passage through the nasopharynx by a curved edge catheter (CEC) and a conventional suction catheter (CSC) (A). Kaplan-Meier analysis shows differences for insertion into trachea by the curved edge catheter and the conventional suction catheter (B).
In the case of S pO 2 , there was a minimum saturation value of 90% for the curved edge catheter, whereas the value for the conventional suction catheter was 87%. This evidence showed that there were no severe desaturations. There were no extreme cases of systolic blood pressure (Ͼ180 mm Hg) except for 1 case in which the pressure was 184 mm Hg. There were no cases of severe arrhythmia, such as atrial fibrillation or ventricular extrasystoles. Subject discomfort was not evaluated due to communication problems. A significant percentage of the pilot study subjects (4/10) were not fully conscious, and the Glasgow coma score for these subjects was found to be Յ14.
Limitations
The main limitation for this study was the absence of literature regarding usage of the curved edge catheter in suctioning. This was to be expected because the main usage of this type of catheter is in urology and not in respiratory care. The fact that the professional who was performing suctioning knew the type of catheter used each time was of course another limitation of the study. To overcome this, a different person/observer (but the same in all cases) who was recording the measurements, counting the attempts, and determining the exact placement of the catheter into the trachea did not know the type of catheter being used each time. He participated in the procedure after the end point of catheter insertion into the nostril, and it was impossible to distinguish the kind of catheter because the 2 catheters are identical except for the tip.
Finally, the pilot study results showed that ICU subjects who needed NTS were confused at a rate of 4/10. The Glasgow coma score for those 4 subjects was Յ14. This rate makes questionable the ability to give conscious answers, and it was considered not statistically usable.
Conclusions
In NTS, a curved edge catheter is approximately 6 times more likely to enter the trachea compared with a conventional suction catheter. In NTS, the curved edge catheter requires fewer attempts and a shorter process time to reach the trachea in comparison with the conventional suction catheter, and this probably reduces the potential risk of nasal and tracheal injury. In NTS, the curved edge catheter seems to be as safe as the conventional suction catheter.
In conclusion, the curved edge catheter could be used alternatively to the conventional suction catheter for NTS, because its application in critically ill subjects was found to be more successful and rapid. It is recommended for cases where a standard catheter fails to access the trachea or in cases where the patient's clinical condition demands a fast and accurate intervention.
